Purpose: Epidemiological studies increasingly include DNA sampling in their protocols, but participation may vary by demographic, psychological, or health characteristics. This analysis explored sociodemographic (age, gender, religion, and education), health-related, and psychological predictors of participation in genetic data collection in two large epidemiological studies: the Whitehall II cohort and the English Longitudinal Study of Ageing. DNA consent in both studies was not obtained on initial enrollment, but after long-standing participation in the study. methods: Study participants who accepted or declined DNA sampling were compared.
intROdUctiOn
As the genetic component for many diseases is increasingly understood, integration of genetic testing into general medicine is becoming mainstream, 1 and "personalizing" healthcare based on genomic information is seen as a major goal for the future. 2, 3 Defining and elucidating the multifaceted genetic interactions that underpin common complex diseases requires large-scale genetic studies with data from thousands of individuals. Biobanks, which are set up to store large collections of biological material for long periods of time, are the foundation for these studies. They rely on the voluntary participation of the general public, and unwillingness to contribute could compromise the success of some genetic projects. Hypothetical studies, conducted before some of the Biobanks were set up anticipated rates of participation as high as 70%, 4, 5 and subsequent findings suggest that the general public are willing to contribute DNA samples to Biobanks despite some concerns about issues such as confidentiality 6 and in the absence of any immediate personal gains. However, formal reports on participation rates are rare. The Icelandic company DeCODE reports more than 140,000 participants on their website (www.decode.com), which is approximately half of Iceland's total population. UK Biobank recently achieved their goal of collecting DNA from 500,000 volunteers (www.ukbiobank.ac.uk), and refusal of DNA storage was rare in the Swedish population. 7 A study of the correlates of intended participation before development of a biobank in the United States found that those who intended to participate were more likely to be male, older, nonethnic minority, and of higher socioeconomic status (SES), although only gender remained a significant predictor in a multivariate model. 4 Many large-scale epidemiological studies also incorporate collection and storage of genetic data, but few have examined predictors of participation. Giving DNA in epidemiological studies is similar to the biobank situation in that it has no immediate benefit for the individual. The major difference is that in epidemiological studies, individuals may already have disclosed personal and medical information and are usually followed up closely for a number of years. Furthermore, they are already selected from the general population as willing to participate in medical research, and they may, therefore, be more likely to participate in a genomic component.
One of the few studies to investigate participation in DNA storage used quantitative and qualitative methods as part of the longitudinal Population-based Study of Mental Health in the Stockholm County (PART). 8 Participants who declined DNA sampling were sent a questionnaire containing seven reasons for refusal (e.g., lack of personal relevance and lack of time). Out of those who agreed with any of those reasons, a subsample was selected for more detailed interviews. The main reason endorsed for refusal was lack of personal relevance, although original research article this was not associated with age, gender, or education. However, concern that the DNA might be used for reasons other than those initially specified was significantly more endorsed by men, younger people, and those who were educated above elementary school level; groups who were expected to have higher levels of participation. These findings are not consistent with the results described earlier on correlates of intended participation in biobanks, 4 and we are not aware of any other studies looking at predictors of participation in genetic data collection in epidemiological surveys.
The aim of the analyses was to explore sociodemographic characteristics, health status, and psychological factors as predictors of participation in genetic data collection in two large epidemiological studies: the Whitehall II cohort and the English Longitudinal Study of Ageing (ELSA). Although previous results have been mixed, 4, 8 there are suggestions that being male, higher SES, and from a nonethnic minority background are associated with participation. On the basis of evidence on determinants of participation in research studies in general, 9 we also hypothesized that people who were depressed, had poorer health, or perceived less control over their lives would be more likely to decline testing.
mAteRiALs And metHOds

Participants
The Whitehall II cohort. The Whitehall II cohort was recruited between 1985 and 1988 and consists of British civil servants from 20 departments. Those aged 35-55 years at the time of recruitment were invited into the study. The original participation rate was 73% (10,308 participants). Baseline data collection consisted of a physical examination, a blood sample, and administration of questionnaires. Participants have been followed up with a clinic visit every 5 years, and additional questionnaire data are collected in between follow-up periods. In Phase 3 of data collection (1991) (1992) (1993) (1994) , DNA sampling derived from the blood sample was included. For those unable to attend the clinic, a nurse visit was added in Phase 7 (2003 Phase 7 ( -2004 ) to minimize attrition rates.
This analysis focuses on Phase 7 of data collection and includes 6870 (67%) of the participants who began the study. Participant dropout occurred mainly in the first follow-up phase; attrition in later phases was predominantly due to participant illness or death. 10 Mean age at Phase 7 was 61.2 years (SD: 5.99 years), and 70% of the sample were men, which reflected the target population. Obtaining consent. In Whitehall II, consent for blood sampling for physiological measures and DNA collection was obtained separately in person by a trained researcher. Participants consented by having to "opt-in" and agreed separately to each physiological measure (i.e., blood pressure, weight, and cholesterol testing). All participants had the option to consent to DNA analysis even if they declined blood testing at this phase of data collection, as bloods were stored from previous data collection phases. There were no formal exclusion criteria for blood collection, and all but 28 participants (0.03%) consented to blood sampling for physiological measures.
In ELSA, participants completed an interview in person (N = 8688), during which they were offered a nurse visit to draw blood and take physiological measures. Consent for the nurse visit was obtained at the end of the interview and 88% of eligible participants consented. As in Whitehall II, during the nurse visit, participants consented separately for each component. Blood samples were not collected from participants with a clotting or bleeding disorder, who were on anticoagulants, or had ever had a fit. In contrast to Whitehall II, only participants who agreed to blood drawing were asked whether they would be willing for their sample to be stored for future analysis, and only participants who agreed to this were asked whether they were willing to consent for genetic analysis of the sample. More than 80% of the eligible population provided a blood sample. Those who consented to blood drawing were younger, of higher SES, in better health, and more physically active than those who declined. 11 This analysis included 6618 participants (46.3% men, mean age: 66.9 years) who had provided a blood sample and consented for it to be stored for future analysis.
Further details on both study cohorts and sampling methods have been published elsewhere. [10] [11] [12] [13] [14] Participants in both cohorts gave full informed consent for participation, and ethical approval was obtained from the relevant Ethics committees.
measures
Demographics. In both samples, demographic information included age, gender, marital status, and ethnicity. For the purpose of this analysis, marital status was coded as married/living with a partner versus not, and ethnicity was coded as white versus nonwhite. Participants were also asked whether they were involved in religious activities (yes/no).
The reason for dichotomizing ethnicity was the homogenous distribution in both samples, with few participants selfidentifying as nonwhite and hence extremely few in any specific ethnic group. In Wave 1 of ELSA, 96.5% of men and 97.7% of women were white; 1.7% of men and 0.9% of women were Asian; and same percentage of women was black. The remaining 0.8% of men and 0.5% of women were of other ethnicities. In the following waves, ethnicity remained dichotomized. In Whitehall II, 89.5% of men and 82.6% of women were White Europeans; 5.2% and 6.5% were Asian, 2.0% and 6.4% were Afro-Caribbean; and 3.3% and 4.5% had other ethnic origin, or it was unknown.
Socioeconomic status. Wealth has been shown to better capture economic resources available to older adults and may be a better measure of SES for a study of this age range than income, occupation, or education. [15] [16] [17] In Whitehall II, wealth was determined by the self-reported "amount of money the respondent would have if she cashed in all household assets and paid off all debts. " For the purpose of this analysis, four categories were formed by combining the top and bottom two categories, and thereafter, the variable was dichotomized into the lowest category versus the other three categories. Quintiles of total wealth, not including money obtained via pension, were used as a measure of SES in ELSA. Wealth was calculated as net of debt and includes the value of any home and other property (less mortgage), financial assets covering all types of savings available in England, and the value of any business assets or artifacts such as artwork and jewelry. 18 The variable was then dichotomized into "lowest quintile" versus the other categories to allow for comparison with Whitehall II.
Self-reported health. Self-reported health was assessed with the statement "my health is excellent, " which was rated on a 4-point Likert scale (often, sometimes, rarely, and never) from the Medical Outcomes Survey 36-item short-form health survey in the Whitehall study 19 and with "my health is____" (with options of excellent, very good, good, fair, or poor) in ELSA. For this analysis, responses were dichotomized into "often" (Whitehall) and "excellent" (ELSA) versus all other responses.
Anxiety and depression. Participants in both samples were asked about any diagnosis of anxiety or depression. In addition, symptoms of anxiety/depression were assessed with the self-administered 30-item General Health Questionnaire 20 in Whitehall II and the 8-item version of the Centre for Epidemiologic Studies Depression Scale 21 in ELSA.
Chronic pain. In ELSA, participants were asked whether they were often troubled by pain (yes/no). In Whitehall II, chronic pain was assessed with the pain subscale of the short form health survey, a standardized measure to assess quality of life.
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To be comparable with ELSA, pain subscale scores were dichotomized into low versus high pain. Lower scores indicate more pain.
Perceived control of life. In both samples, participants were asked whether they felt that "what happens to me is out of my control" with response options being "often, " "sometimes, " "rarely, " "never, " which was derived from the CASP-19, which is a standardized measure of quality of life with established reliability and validity for use in older adults. 22 Assessed are four domains of quality of life, control, autonomy, self-realization and pleasure, whose first letters are used to build the acronym CASP.
statistical analyses
t tests were used to compare means for continuous variables and Fisher's exact test for dichotomous outcomes. Subsequent binary regression included education, ethnicity, and involvement in religious activity as predictor variables for consenting to DNA collection. All analyses were carried out using SPSS v.17. Analyses for the ELSA sample were weighted for nonresponse for blood sampling. Whitehall II does not provide weights to correct for nonresponse as it is not a populationbased study.
ResULts
Very few participants declined to give a DNA sample. In the Whitehall II cohort, 134 participants declined DNA collection out of a sample of 6870 (1.6%). In the ELSA cohort, 66 participants declined to provide a DNA sample out of 6618 (1.0%; weighted). Table 1 lists descriptive results in terms of differences between those who declined and accepted DNA sampling. Decliners were significantly more likely to be female than acceptors in Whitehall II (42.5% in decliners vs. 29.2% in acceptors, P < 0.001), with a trend in the same direction in ELSA (65.6% vs. 53.7%, P = 0.071). There were no age differences, but neither group included young participants. In Whitehall II, decliners were less likely to have any educational qualifications (11.0% vs. 20.7%, P = 0.01), which was not the case in ELSA (39.3% vs. 40.9%). Wealth, on the other hand, was not a significant predictor of DNA consent in either sample (P = 0.192 in ELSA; P = 0.633 in Whitehall II). In both samples, decliners were less likely to be married, but the difference was not statistically significant. Decliners were significantly more likely to be from ethnic minorities in both samples (8.2% vs. 2.2% in ELSA, P = 0.012; 22.4% vs. 7.9% in Whitehall II, P < 0.001). Involvement in religious activities was more common in decliners in Whitehall II (55.9% vs. 44.4%, P = 0.015) and in the same direction although not statistically significant in ELSA (26.9% vs. 22.6%, P = 0.504).
In the health domain, fewer decliners were in good health in Whitehall II (6.6% vs. 14.8%, P = 0.009). In ELSA, the direction was the same, although differences were not significant (6.7% vs. 12.1%, P = 0.236). There was no difference in either sample with respect to depression (P = 0.058 in Whitehall II). Decliners in Whitehall II were more likely to report pain (35.8% vs. 25.0%, P = 0.010), but in ELSA, no such difference was observed (38.2% vs. 39.3%, P = 0.895). In ELSA, more decliners felt that they did not have control over events that happen to them (15.1% vs. 5.5%, P = 0.009), whereas no differences were observed in Whitehall II (2.7% vs. 4.2%, P = 0.254).
Results for the multivariate regression analysis for the Whitehall II cohort are presented in Table 2 . Ethnic minority status, but not education or religious activity, remained associated with declining DNA collection (P = 0.001). Wealth was not associated with consenting, but age showed a trend toward significance (P = 0.099), with those who were older being more likely to decline DNA collection. In the psychological and health domains, perceived control over life events, self-reported health, and pain were no longer associated with DNA consent in the multivariate analyses.
Corresponding results from the multivariate regression analysis for the ELSA cohort are listed in Table 3 , and the results largely matched those from Whitehall II. Among the demographic variables, only ethnic group (P = 0.008) was significantly associated with consent. However, with respect to psychological/health variables, perceived control over life events (P = 0.003) remained associated with consent.
discUssiOn
In two established epidemiological cohort studies in the United Kingdom, the Whitehall II study and the ELSA, consent to DNA collection was more than 98%. We found some evidence that distinct socioeconomic and psychological features characterized the small group of participants who declined DNA collection, supporting the point of Melas et al. 8 that consenting to DNA collection is unlikely to be simply a matter of time or convenience. Considerable time commitment is involved in participation in epidemiological studies, and consent to blood sampling is usually part of the protocol; therefore, declining DNA collection is likely to be an active process.
Of the factors examined in this study, the strongest predictor of declining DNA collection was coming from an ethnic minority background. This was evident in both samples, and the finding remained significant after adjustment for a number a This was measured in Whitehall with "My health is excellent" (often/sometimes/rarely/never) and in ELSA with "My health is ___" (excellent/very good/fair/poor). Although these were measured slightly differently, categories are comparable across samples. b Percentage more than usual in ELSA, and in Whitehall, the pain score from the SF-36 was dichotomized into low/high pain scores.
DNA collection in epidemiological studies | MEISEL et al original research article of socioeconomic and health-related covariates. Five other sociodemographic and psychological factors (being female, involvement in religious activity, lower level of education, poor self-reported health, and more pain) were significant predictors in one sample and in the same direction in the other, but none of these remained an independent predictor in the multivariate regression analysis. However, perceived control over life events (higher) predicted participation in DNA collection only in ELSA, and this effect survived multivariate regression analysis.
Involvement in religious activity seemed to be a significant predictor of declining DNA collection in the univariate analyses, but this association was no longer significant once ethnicity was controlled for in the multivariate analysis; although sample size may have limited our ability to detect small effects. This hints at reasons other than the assumption that DNA has a special status in those who are religious. Familiarity with genetics seems to be an unlikely cause of the finding, as declining was not associated with education. Perceptions about the medical field in general and genetics in particular differ in cultures and range from trust to suspicion, 23 which may have contributed to higher rates of nonconsent among participants from nonwhite backgrounds. Concepts of autonomy and familial responsibility also differ between western and nonwestern cultures, 24 which may also have influenced the findings. Because consenting to DNA information was not the primary aim of the study and not studied in detail in the original study, we were unable to investigate reasons for nonparticipation in detail. Future qualitative investigations could provide a more in-depth understanding of the reasons behind declining testing.
The major limitation of the study is the select nature of the study samples. DNA collection was only offered after longstanding participation, and these results may not generalize to samples where DNA sampling is offered from the outset. However, as we investigated key psychosocial and demographic characteristics associated with DNA consent in two different large cohorts, and the outcomes were similar, this lends confidence in the validity of the results. Finally, both cohorts included only older individuals, and Whitehall II is a special cohort from one large employment sector. To obtain a more complete picture, research is needed determining factors affecting DNA consent in the younger population.
In conclusion, our findings support the high consent rates reported previously in studies relating to biobanks. 4, 7 This indicates that DNA sampling is unlikely to result in major biases relative to demographic representativeness, although people from ethnic minority backgrounds were less likely to participate. Reasons for nonparticipation need to be explored in future research. However, differences between the subset of the population unwilling to provide DNA samples and those who consent indicate that if there were greater proportions of decliners, this would create an important source of selection bias. 
